Introduction
============

The Collaborative Ocular Melanoma Study was a randomized clinical trial investigating the use of plaque brachytherapy versus enucleation for medium-sized (apical height 2.5--10.0 mm and basal diameter ≤ 16.0 mm) choroidal melanoma.[@b1-opth-7-193] I-125 plaques were utilized in the Collaborative Ocular Melanoma Study trial, with standard protocol utilizing a plaque covering the entire tumor as well as 2--3 mm past the margins. Initial 5-year follow-up showed no statistically significant difference in survival between the two modalities, ie, findings that paved the way for widespread adoption of globe-salvaging plaque brachytherapy for primary treatment of choroidal melanoma.[@b1-opth-7-193] Twelve-year results have confirmed these findings regarding survival, with melanoma-specific death rates of 21% and 17% for plaque brachytherapy and enucleation, respectively.[@b5-opth-7-193] Local tumor control at 5 years for plaque brachytherapy was 89.7% (583/650),[@b2-opth-7-193] with other groups reporting individual control rates of 91%--96%.[@b6-opth-7-193],[@b7-opth-7-193] The risk of metastasis has been shown to be higher for tumors that fail local treatment.[@b2-opth-7-193] Karlsson et al[@b8-opth-7-193] showed that the risk of metastasis at 5 years following local tumor recurrence was 42% versus 18% without failure.[@b9-opth-7-193] Therefore, ensuring the success of primary treatment is of the utmost importance. To improve local tumor control, intraoperative ultrasound has been recommended during plaque placement to confirm adequate plaque position and identify misplacement or plaque tilt.[@b10-opth-7-193] In addition, combined treatments have been investigated to enhance local tumor control, decrease treatment-related morbidity, and improve the therapeutic window to expand current treatment to small, large, and juxtapapillary tumors. These latter groups were excluded from the Collaborative Ocular Melanoma Study for plaque brachytherapy.

Combined treatments have included the use of transpupillary thermotherapy as an adjuvant to brachytherapy,[@b11-opth-7-193],[@b12-opth-7-193] with Shields et al[@b11-opth-7-193] reporting rates of local tumor recurrence as low as 2%--3%. Combined treatments have also been investigated for large melanomas,[@b13-opth-7-193] as well as for juxtapapillary tumors.[@b14-opth-7-193] Other combined treatments have included photodynamic therapy,[@b15-opth-7-193] periocular triamcinolone acetonide,[@b16-opth-7-193] and local resection.[@b17-opth-7-193],[@b18-opth-7-193] More recently, systemic and local treatment with angiogenic inhibitors have been investigated.[@b19-opth-7-193],[@b20-opth-7-193]

In this study, we analyzed 124 patients with choroidal melanoma who were treated with I-125 plaque brachytherapy combined with intravitreal bevacizumab following plaque removal. We evaluated the clinical response of patients over time with regard to tumor reduction, resolution of exudative retinal detachment, and visual function.

Materials and methods
=====================

Patients
--------

This was a consecutive study of 124 patients treated from 2007 to 2009 for choroidal melanoma using plaque brachytherapy. Data were collected retrospectively. Patients were treated by I-125 plaque brachytherapy with 2 mm margins and 85 Gy to the tumor apex. Consecutive patients were injected intravitreally with 2.5 mg/0.1 mL bevacizumab at a site away from the primary tumor and immediately following plaque removal. Choroidal melanomas were observed using indirect ophthalmoscopy, wide-angle photography, and ultrasound. Tumor volume measurements were made based on a hemiellipsoid model, where volume (V) = 2π/3 (\[D~1~ + D~2~\]/4)^2^ \*H. Inclusion criteria included choroidal melanoma with a minimum 6-month follow-up. Patients were evaluated with spectral-domain optical coherence tomography, indirect ophthalmoscopy, and ultrasound at 2--3-month intervals following plaque removal.

Plaque brachytherapy procedure
------------------------------

All patients presenting with posterior uveal melanoma underwent placement with I-125 radioactive plaque using standard surgical techniques. After initial preparation, draping, and anesthesia, patients underwent 360 degree conjunctival peritomy. The four rectus muscles were isolated with muscle hooks and 2-0 Ethibond sutures, followed by transpupillary transillumination of the globe to mark the location of the tumor. If surgically indicated for proper plaque placement, one of the rectus muscles was disinserted in order to make room for the plaque. A standard Collaborative Ocular Melanoma Study plaque was used and consisted of a silastic implant with I-125 seed grooves placed into a gold-backed shield. I-125 plaque seeds designed to deliver 85 Gy to the tumor apex were used in all cases.[@b3-opth-7-193],[@b4-opth-7-193] After the plaque was brought into the surgical field, 5-0 Nylon sutures were used to secure the plaque to the sclera, followed by determination of proper positioning with intraoperative ultrasound by either the surgeon (TGM) or a registered diagnostic medical ultrasonographer using a contact B-scan instrument (Ophthascan S; Alcon Surgical Inc, Irvine, CA, or Innovative Imaging Inc, Sacramento, CA). Echographic studies were performed to view the tumor both longitudinally and transversely in order to verify plaque location relative to the tumor. If removed, rectus muscles were reattached, and the conjunctiva was closed. The operated eye was patched and shielded with a lead shield, and plaque was removed after an average of 72 hours.

Bevacizumab injections
----------------------

Patients were treated with 2.5 mg/0.1 mL intravitreal bevacizumab at the time of plaque removal. Briefly, following the removal of the episcleral plaque, any rectus muscles were reattached and the conjunctiva were closed. Following closure, a caliper was used to measure 3.5--3.9 mm posterior to the limbus depending on lens status (3.5 mm for pseudophakia, 3.9 mm for phakia). At the conclusion of surgery, patients were injected intravitreally with 0.1 mL bevacizumab.

Results
=======

A total of 139 patients with choroidal melanoma were treated with combined plaque brachytherapy and intravitreal bevacizumab. Fifteen cases were excluded secondary to lack of documented follow-up, resulting in 124 patients for analysis. The study group comprised 64 men (52%) and 60 women (48%). Mean patient age was 65.7 (28--90) years. Pretreatment mean apical tumor height was 4.0 ± 2.7 (range 1.0--12.9) mm and basal diameter was 12.7 ± 3.0 (range 3.5--18.0) mm. Mean follow-up was 24 (range 6--42) months ([Table 1](#t1-opth-7-193){ref-type="table"}). Tumor burden was shown to be reduced by 22.2% at 3 months, 28.9% at 6 months, 39.3% at 12 months, and 52.2% at 24 months (all *P* \< 0.001, [Table 2](#t2-opth-7-193){ref-type="table"}). Prior to treatment, 100% of tumors had exudative retinal detachments, pretreatment visual acuity was 20/55 (median 20/40); and 89.8% had complete resolution of exudative retinal detachment, with a mean time to resolution of 3.36 months. At one month, 43% had complete resolution of exudative retinal detachment, which increased to 73% at 4 months ([Table 3](#t3-opth-7-193){ref-type="table"}). By 4 months post-treatment, mean visual acuity decreased to 20/62 (median of 20/40), but this stabilized to 20/57 (median of 20/40) at 8 months. Mean visual acuity at 12 months was 20/56 (median of 20/30), which decreased to 20/68 (median of 20/50) at 24 months ([Table 4](#t4-opth-7-193){ref-type="table"}). Of 124 patients, 23 patients (18.5%) had vision of 20/200 or worse, with 81.5% maintaining ambulatory vision. Tumor control was 100% and metastasis was 0% at last follow-up. Patients tolerated the procedure well without systemic side effects and minimal local side effects.

Discussion
==========

In this study, we analyzed the effect of adjuvant treatment with anti-vascular endothelial growth factor (VEGF) agents following I-125 plaque brachytherapy in 124 patients with choroidal melanoma. All patients were treated with 85 Gy to the tumor apex and were then treated with intravitreal bevacizumab 2.5 mg/0.01 mL at the time of plaque removal. At 24 months, local tumor control was 100%, with no metastases. We consider the timing of treatment with anti-VEGF agents to be an important consideration prior to this adjuvant treatment. VEGF has been shown to be elevated in vitreous and aqueous samples in eyes harboring melanoma. VEGF levels have also been found to have a positive association with increased apical height and basal diameter.[@b21-opth-7-193] Of note, eyes previously treated with plaque brachytherapy had the highest concentrations of VEGF.[@b22-opth-7-193] Although there is some evidence to suggest that antiangiogenic agents may serve as a radiosensitizer, we have investigated the role of hypoxia following these agents in animal models. Our laboratory has shown that LH~BETA~T~AG~ retinoblastoma tumors have significant areas of hypoxia which may be transiently increased following treatment with angiogenic inhibitors.[@b23-opth-7-193] Hypoxic cells have been shown to be resistant to radiation therapy, so we propose that treatment with anti-VEGF agents prior to plaque brachytherapy may hinder the radiation effect on tumor cells. As a result, we elected to utilize adjuvant bevacizumab after full treatment with plaque brachytherapy.

Following treatment with plaque brachytherapy, choroidal melanomas may transiently increase in size due to edema, inflammation, or necrosis,[@b24-opth-7-193] followed by reduction or stabilization in tumor size over time. Recurrence or unresponsiveness following plaque brachytherapy may indicate failure of local tumor control. Abramson et al[@b25-opth-7-193] showed a 12% tumor reduction (88% residual tumor burden) at 6 months following plaque brachytherapy, which increased to a 24% reduction (76% residual tumor burden) at 12 months. Following combined treatment with I-125 plaque brachytherapy and intravitreal bevacizumab, there was a significant decrease in tumor burden at all time points compared with baseline (*P* \< 0.001). As early as 3 months, tumors already showed a 22.2% reduction in size, with a 28.9% reduction at 6 months. Tumor volume reduction continued to decrease at 12 months and 24 months, by 39.3% and 52.2%, respectively ([Figure 1](#f1-opth-7-193){ref-type="fig"}). Like other solid tumors, choroidal melanomas have an intrinsic vasculature that provides necessary nutrients and waste removal to highly proliferating neoplastic cells. Treatment with angiogenic inhibitors may target this intrinsic vasculature, thus resulting in enhanced tumor reduction when combined with plaque brachytherapy.

Exudative retinal detachments have been shown to be a common finding in choroidal melanomas, with an incidence ranging from 53%--75%.[@b2-opth-7-193],[@b26-opth-7-193],[@b27-opth-7-193] Exudative retinal detachments are the primary cause of early vision loss, with chronic detachments leading to photoreceptor loss and atrophy contributing to long-term changes as well. In addition, resolution of exudative retinal detachment may be an early sign of clinical response to treatment, with persistent exudative retinal detachment being associated with continued tumor activity. Kivela et al[@b27-opth-7-193] have shown that exudative retinal detachment is associated with microvascular loops and networks on histopathologic analysis. Clinical exudative retinal detachment predicted poor survival; however, when adjusted for tumor size and vasculogenic mimicry patterns, exudative retinal detachment was not associated with survival.

Harbour et al[@b26-opth-7-193] have shown the natural history of tumor exudation following treatment with plaque brachytherapy. By 3.9 months, 25% exhibited resolution, increasing to 50% by 4.7 months, 83% by 9 months, and 90% by 12 months. The average time to resolution of exudative detachment was found to be 5.6 months. With combined treatment in the current study, average time to resolution of exudative retinal detachment was 3.36 months, which is greater than 2 months earlier than in prior reports. Additionally, after one month of combined treatment, 43% of patients had resolution of exudative retinal detachment. This increased to 73% by 4 months, and to 90% by 12 months. Our results show that although resolution rates approach 90% for single-modality (plaque brachytherapy) and combined therapy (plaque + bevacizumab) by 12 months, adjuvant bevacizumab leads to earlier resolution of exudative retinal detachment ([Figure 2](#f2-opth-7-193){ref-type="fig"}).

With early and long-term vision changes being associated with photoreceptor loss from chronically detached retina, earlier resolution of subretinal fluid may lead to improved visual outcomes. In the current study, mean visual acuity at baseline was found to be 20/55 (median 20/40). Four months following treatment, visual acuity dropped to 20/62 (median 20/40), followed by improvement back to 20/57 (median 20/40) at 8 months, and 20/56 (median 20/30) at 12 months. Adjuvant treatment may stabilize tumor vasculature following treatment, thus decreasing vascular permeability and tumor vascular activity. With resolution of the subretinal fluid, visual acuity lags behind the restoration of retinal architecture, with vision stabilized at later time points. This early visual acuity stabilization lends to later decreases secondary to effects of radiation retinopathy, with vision decreased to 20/68 (median 20/50) at 24 months.

Strengths of the current study include a large, consecutive case series of a proposed combined treatment for uveal melanoma. Although case reports highlight the potential use of angiogenic inhibitors in primary and treatment-related complications for uveal melanoma, this is the first study investigating this combined treatment, to the authors' knowledge. Weaknesses of the study include its lack of a comparative control, randomization, and retrospective nature.

This study reports on the potential utility of intravitreal angiogenic inhibitors when used in combination with plaque brachytherapy. Combined therapy may help to minimize tumor-related complications, such as exudative retinal detachment, as well as reduce tumor volume. Long-term follow-up is needed to determine the effect of combined therapy on local tumor control, metastasis, and survival. Further research is needed on the effects of tumor and treatment-related complications, as well as the potential use of combined treatments to combat these vision-threatening effects.

The current study reports on the use of adjuvant intravitreal bevacizumab following the treatment of choroidal melanoma with I-125 plaque brachytherapy. Combined treatment resulted in enhanced tumor volume reduction, earlier resolution of subretinal fluid associated with exudative retinal detachments, and stabilization of visual acuity. Adjuvant intravitreal bevacizumab may be used in the treatment of choroidal melanoma when used after treatment with plaque brachytherapy.
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###### 

Patient demographics

  Patient demographics                               
  -------------------------------------------------- ------------------
  Total plaqued eyes                                 n = 139
  Total plaqued with minimum of 6 months follow-up   n = 124
  Mean follow-up                                     24 months
  Males                                              64 (52%)
  Females                                            60 (48%)
  Mean patient age                                   65.7 years
  **Tumor characteristics**                          
  Apical height                                      4.0 mm (SD 2.7)
  Basal diameter                                     12.7 mm (SD 3.0)
  Exudative detachment                               124/124 (100%)

**Abbreviation:** SD, standard deviation.

###### 

Percent reduction in tumor burden

  Time        Tumor reduction
  ----------- -----------------
  3 months    22.2% (SD 26.1)
  6 months    28.9% (SD 29.6)
  12 months   39.3% (SD 28.1)
  24 months   52.2% (SD 28.4)

*P* \< 0.001 for all values from baseline

**Abbreviation:** SD, standard deviation.

###### 

Percent reduction in exudative retinal detachment (ERD)

  Time                      Percent resolution
  ------------------------- --------------------
  1 month                   43%
  4 months                  73%
  6 months                  84%
  12 months                 89.8%
  Mean time to resolution   3.36 months

###### 

Visual acuity

  Time        Visual acuity
  ----------- ----------------------
  Baseline    20/55 (median 20/40)
  4 months    20/62 (median 20/40)
  8 months    20/57 (median 20/40)
  12 months   20/56 (median 20/30)
  24 months   20/68 (median 20/50)

*P* \< 0.25 for all values from baseline
